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1 
My invention relates to a photographtc objec- 
tive, and particularly to an objective having a 
 htgh degree of correction and capable of opera- 
tion at a large aperture wtth substanttal coverlng 
power. 
The invention provtdes an objective having six 
lenses, and tt ts capable of being used at an aper- 
ture of 1:1.4. A photographic objective operat- 
ing with such a large aperture must bave a high 
degree of correction if tt is to be satisfactory for 
photographtc work. Thts is particularly true in 
an objective havtng as many as six lenses. As is 
well known, each lens introduces tts own optlcal 
problems tnto the system even though it attempts 
to correct some of the difllculties and problems 
present in the system as a whole. 
In order for a photographtc objective to have 
sutable quality, tt must be corrected for spherl- 
cal aberration, sine condition, coma, fleld curva- 
ture, asttgmattsm, rira ray agreement, lateral 
color aberration, ghost images and aberrations 
with respect to the Petzval condition. In par- 
ticular, a photographlc objective also requires 
good correction to overcome distortion. 
The lens system forming the subJect matter 
of this invention resembles prior art lens sys- 
tems in the provision of a space for a diaphragm 
between two groups of lens components. In the 
following discussion of the lenses or components 
forming my lens system, the usual conventions 
with regard to positive and negattve lens curva- 
ture are observed. Thus the components are 
numbered wtth Roman numerals progresstvely 
from the flrst or outer lens at the left of the 
system. Where the center of curvature of a lens 
falls to the rtght of the surface betng consldered, 
the surface ts regarded as positive wtth the actual 
radius being measured along the axts of the lens 
system. Where the center of curvature falls to 
the left of the surface betng constdered, then 
the surface ts constdered as negative. 
W|th regard to the characteristtcs of the glass, 
terres customarily used in the art are used. Thus, 
for example, N D ts the index of refractton for .the 
D lines of the spectrum (these lines customarily 
betng present in a sodiim flame) and V ts the 
dispersion number. The spaclngs s and thlck- 
nesses t are considered along the axis of the lens 
system. 
The lens system embodying my invention ha 

2 
stngle lenses as the outer components thereof. 
The rematning lenses are arranged as cemented 
compound doublets to form two additional com- 
ponents. The outer components of the system 
5 are positive, and the lnner components are hlghly 
concave toward a central region where a dla-. 
phragm may be located. 
A particularly important feature characterlzo 
ing the system embodytng the present invention 
10 ts the construction of the outer components of 
glass having a htgh index of refractlon and a 
rather low dispersion number. Additionally, the 
next to the last lens element ts also constructed 
of glass having a very htgh index of refraction 
15 and a low dispersion number. Thus, the flrst, 
flfth and stxth lenses may conveniently be marie 
of the saine glass. The remalnng lenses are 
formed of glass having moderately hlgh indices 
of refractton. The second lens has a very high 
20 dispersion number, and the third and fourth 
lenses bave low dispersion numbers. 
A lens system embodying the present invention 
provides as much correction as Is ordinarlly preso 
ent in well-destgned prtor art objectives having 
25 seven and etght elements. By the elimination of 
one or two lens elements, such difllculttes as the 
grtnding of addittonal lenses as well as the ceo 
menting of such additional lenses is eltminated. 
I have round that by constructing the flrst lens 
30 element of a high index glass there ts provided 
a high degree of correction to sphertcal aberra- 
tion. I have also reduced dtstortion to a low 
value by constructing the flfth and sixth lens 
elements of htgh index glass. In partlcular, I 
35 have round out that the higher the index of re- 
fraction the glass has. for the sixth element, 
the "greater can be the radius of curvature of 
the second-from-last surface (the forward lens 
surface of the stxth lens). It is thus possible to 
40 have the forward surface of the last lens almost 
aplanatic. Such a surface Is advantageous slnce 
the effects on spherical aberration and coma are 
reduced to a negltgible value. At the saine rime, 
such an arrangement provides a minimum 
45 amount of distortton to the lens system as a 
whole. 
An example of a lens system embodytng my in- 
vention will be gtven. This lens system, as meno 
ttoned, is tntended for use at a maximum apero 
9 tre 05 F:l.4, and tt bas a focallength of 100. 
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With such a large aperture, the zonal spherical 
aberration for the D lines of the spectrum 
amounts to about .08 per cent of the focal length 
of the system. Oblique aberrations are corrected 
to a very high degree. At a total fleld angle of 
.9 degrees, the curvatures of fleld are respective- 
ly .5 and .?.0 per cent of the focal length of the 
lent system. At this same fleld angle of ?.9 de- 
grees, the distortion is .POE per cent. The Petzval 
sum up to third order terres is numerically so low 
that the amount of astlgmatism introduced by 
virtue of having a fiat fleld is negligible. 
The objective of my invention is illustrated 
diagrammatlcally in the single figure of the ac- 
companylng drawing. The several lenses are 
designated by Roman numerals counting from 
the front or left of the system. The radii of cur- 
vature are marked R1, Rg, etc. The lens thick- 
nesses and lens spacings alung the axis are re- 
spectively marked tl, rg, etc., and s, sg etc. 
The following example is representative of my 
invention: 
Focal length ........................... I00 
Back focal length ....................... 54.OE1 
Aperture ............................... F: 1.4 

Iens 

[I .................. 
III ................. 
V'I ................. 

ND 
I. 7456 
I. 62O 
I. 621 
I. 689 
I. 7456 
I. 74 

V 
44.6 
60.0 
36. 2 
 30. 9 
44.6 
44.6 

In the above example, if is possible to use a 
glass for the flrst, flfth and sixth lenses whose 
index of refraction varies between about 1.7 and 
about 1.8. The dispersion preferably should be 
between about 42 and 48. It will be noted that 
the glass for the fourth lens has a value of N D 
somewhat smaller than the flrst lens and larger 
than the second and third lentes. The glass for 
the fourth lens, in general, may bave a refraction 
index whose value Is about half-way between the 
extreme values for the flrst lent and the second 
lent. 
Some variation in the radius of curvature is 
alto possible. Thus it will be noted that R is a 
bit greater.than four rimes the focal length of the 
objective. Rlo is negative and is substantially 
one-half the absolute value of Rg. Rs is a bit 
larger than one-fourth of the value of R, and R 
is substantially one and one-half times the focal 
length of the objective. R and R« are respec- 
tively lositive and negative and are small com- 
pared to the focal length of the objective R and 
Rs are alto respectively positive and negative and 
are both a bit larger than one-half the focal 
length of the objective. R is somewhat greater 
than the focal length of the objective and be- 
comes larger with increase in the index of refrac- 
tion of the glass used for this lens. 
It will be noted that the axial distance or. sep- 
aration between each outer comportent and the 
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adjacent compound doublet ls of the order of 
about one per cent of the focal length of the ob- 
jective. The distance between the doublets is 
quite substantial, to accommodate a diaphragm, 
5 and is of the order of about one-fourth of the 
focal length of the objective. 
From the above description it is thought tha.t 
the construction and advantages of my invention 
10 will be readily apparent to those skilled in the 
art. Various minor changes In design may be 
marie without departing from the spirlt or losing 
the advantages of the invention. 
Having thus described my invention, what I 
15 claim as new and deslre to secure by Letters 
Patent is: 
1. A photographic objective of the type having 
six lentes divided into four components wlth air 
separation between adjacent components, said 
2o objective having the two outer components as 
single lentes and the two Inner components 
formed as compound doublets, said two inner 
components having a space therebetween  
commodate a diaphragm, the flrst, flfth and- 
25"ïxti lentes beinIorned f glass having a h!gh 
index of refraction of between 1.7 and 1.8 with 
a low dispersion number of the order of about 45, 
the remaining three leuses belng formed of glass 
having an index of refraction of between 1.6 and 
3o 1.7, the second lent having a dispersion number 
of about 60 and the remaining two leuses having 
dispersion numbers of between 30 and 40, the 
radii, axlal thickness of a lent and separation 
being substantially as follows: 
35 
Rx----+ 85.50;R+408.30;R----+ 40.35; 
R= ÷ 156.05 ; 1= ÷ 25.05 ; 1= -- 36.80 ; 
1%_-- + 55.00 ; ls= -- 51.50 ; 1= + 123.50 ; 
Rzo: --204.95 ; tz: 11.60 ; sx---- 1.50" 
t= 17.00 ; t= 3.50 ; s=: 22,00  
toE , 3.50; te= 23.00; sa 1.00 ; 
te: 17.00 
40 where R, t and s are respectively radius, thick- 
ness and separation beginning from the front 
of the system and where the focal length of the 
system ls I00. 
2. A photographic objective consisting of six 
5 leuses formed into four components with the 
outer components being single lentes and th two 
inner components being compound doublets,jj.q 
two outer components being po.sand the two 
innëromp0nents hïïng coparatively short 
5o radii and being concave toward a diaphragm 
location between said two inner components, said 
flrst, fifth and sixth leuses being formed of glass 
having an index of refraction of 1.7456 and a 
__ dispersion number of 44.6, said second lens being 
''» formed of glass having an index of refraction 
of 1.62 and a dispersion number of 60, the third 
lens being formed of glass having an index of 
refraction of about 1.62 and a dispersion number 
of about 36, the fourth lens being formed of 
co glass having an index of refraction of about 
1.69 and a dispersion number of about 31, the 
radii, axial thlclmess of a lens and separation 
being substantially as follows: 
(;5 Rt----+ 85.50;Rs----+408.30;Ra_:+ 40.35; 
R= + 156.05 ; R= + 25.05 ; R= -- 36.80 ; 
R----+ 55.00;Rs_---- 51.50;Rm+123.50; 
1%o=--204.95; tm 11.60; sz= 1.50; 
t= 17.00 ; ts= 3.50 ; s=--.-- 22.00 ; 
t---- 3.50 ; te: 23.00 ; s= 1.00 ; 
t= 17.00 
ï: where R, t and s are respectlvely radius, thiclmess 
and separation begirming from the front of the 
 system and where the focal length of the sys- 
rem is I00. 
3. A high aperture highly corrected photo- 
75 graphic objective of 1Q0 units focal length and 
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six lens elements having substantially the follow- 
ing details: 

Lens ND 
I ................... 1.7456 
II .................. I. 620 
III ................. I. 621 
IV ................. 1.689 
V .................. 1.7456 
VI ................. 1. 745 

V 
44.6 
60.0 
36.2 
30.9 
44.6 
44.6 

Axtal 
Radii Distance 
- +408. 30 
R- +40.35 
t:lT.oe 
Rll÷l.05 
R- +.05 
--36. 80 
tl 3. 5C 
tffi23.0 
--51.50 
R-1-123. 0 
t 17. 00 
--204. 95 

10 

15 

20 
said flrst column specifying the lens elements 
from front to rear progressively, where ND Is the 
index of refraction, Vis the dispersion, Ris the 
radius of the glass surfaces, tis the axlal thick- 
ness.of the glass lenses and s ls the axlal distance 25 

6 
in air between adjacent lens surfaces and where 
the plus and minus signs indlcate respectively 
that the axial radius extends toward the rear or 
toward the front of the objective, said objective 
being adapted to operate with an aperture of 
F: 1.4. 
HERMAN LOWENTHAL. 
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